f

SECLURITY CLASSIFCAT'ON OF =S 924Gk

- REPORT DOCUIMENTATION PAGE o~
Ta. REPQRT SECURITY CLASSIFICATION tp RESTRICTIVE MARKINGS TIEEETEN -~
i UNCLASSIFIED NONE Hiia riLs (Ixéarf
ECURITY CLASSIFICATION AUTHOQRITY 3 OISTRIBUTION/AVAILABILITY QF REPQRT
Approved for public release.
g YECLASSIFICATION r DOWNGRADING SCHEQULE Distribution unlimited,
o0 RFORMING QRGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)
-~ 00 Technical Report No. 17 -
o TAME OF PERFORMING QRGANIZATION 6b OFFICE SYMBOL la. NAME OF MONITORING QRGANIZATION
Massachusetts Institute (il s.plicadle) ONR
N of Technology
< DORESS (City, State, and 2iP Code) 7b. ADORESS (City. State, and 2iP Code)
i 77 Massachusetts Avenue, Room 1-306 800 North Quincy Street
Q Cambridge, MA 02139 Arlington, VA 22217
< AME OF FUNDING / SPONSORING 8o. QFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IOENTIFICATION NUMBER
RGANIZATION (if applicadle)
STy DARPA NO0O014-86-X-0768
8¢. ADORESS (Cicy, State, and 2IP Coge) 10 SQURCE OF FUNDING ~UM85=S
PROGRAM PROJECT Asn WORK UNIT
e e b
gton, R.& T Code | A 400005 |

11, TITLE (Include Secunity Classification)

SIMULATION OF DEFORMATION AND TEXTURE EVOLUTION IN SEMI-CRYSTALLINE POLYMERS

Lo 12. PERSONAL AUTHOR(S)

Y Said Ahzi, David M. Parks, and Ali S. Argon .
13a. TYPE OF REPORT 135 TIME COVERED 18. DATE OF monr {Year. Month, Oay) |15 PAGE CQUNT
Abstract raom 1988 _ ro 1989 1989, May 29 %

16. SUPPLEMENTARY NOTATION
Abstract of oral presentation to be made atthe American Chemical Society Symposium on

gomguter Simulation of Polymers on September 11-14, 1989 at Miami Beach.

. COsaTi COOES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by dlock number)

FIEL GROUP »
2 2 2u8.GROY Simulation of large strain plastic flow in semi- crysta]hne

polymers, po]yethyl . Tot =
AT ’ - e ——
ontinue_on reverse if necessary and :donu by pioc

e developed a spectrum of mec amcaﬁy based models which can be applied €
study of deformation and texture evolution of semi-crystalline polymers. We applied
these models to predict behavior and texture evolution at large deformations. Results
o obtained from a composite model applied to polyehtylene are presented and compared to

the experimental data. The agreement with experiments is satisfactory. Kﬁ-%wordsh

DTIC
ELECTE .
D 89 6 13 107

JUN1 3 1983
20 OISTRIBUTIONAVAILABILITY. OF ABSTRACT ACT o e—mene=? 121 ABSTRACT SECURITY CLASSIFICATION
UNCLASSIEOUNUMITED " TTSamE as aoT O ar¢ useas Unclassified

(S
gl
[

W&

210‘ NAME OF RESPONSIBLE INDIVIDOUAL 22b TELEPHONE (inciuae Ared Code) | 22¢. OFFICE SYMBOL
Dr. Kenneth Wynne (202) 696-4410
D0 FORM 1473, 3amanr 83 APR egition May be used until exhausted.

SEQYRITY CLASSIEICATION OF THIS PAGE
AL Covervman Nontng OMan WED-009 H87

Y-SR TR S

All atrer ediions are obsOlete




A/

[} . . .
DIVISION OF Mechanical Engineering

\

{ (To be fiiled in by Division)

. ] Paper number as listed
TITLE OF PAPER Simulation of Deformation and Texture on’:;ogram
_ Evolution in Semi-Crystalline Polymers
Time Required for

Presentation__________
O Poster Presentation
Preferred
AUTHORS Business Mailing Address Including [E] acs Division American Chemist
Underiine name of speaker - Zip Code and telephone Number Member? Member? or Chemical
List Address only once it all authors at [0 Yes [J Yes Engineer?
same address. No (B No if not, give classification such a
S. Ahzi Mechanical Engineering biologist, physicist, etc. Ph.D?
D. Parks Massachusetts Institute (O Chemist
A. Argon of Technology O Chemical
77 Massachusetts Ave. Engineer
Room 1-306 Mate T s scientist

Cambridge, MA 02139
NOTE: All presenting authors must register for the meeting—either full meeting registration or one-day registration for the day
of presentation.

@ Work done at M.I.T. -
[H] Plan ACS ___ nonACS _YeS publication. Where? _Undecided No Uncentain ___

D:] Specify Equipment Required for Presentation Other than2" x 2" slide or overhead (transparency) projector _ione

ABSTRACT. Please be BRIEF—150 words maximum if possible. Title of paper should be ALL CAPS; author(s) listed by
first name, middle initial, last name; indicate full address w/zip code. SINGLE SPACE, BLACK CARBON RIBBON.

00 NOT.
USE~—>

SIMULATION OF DEFORMATION AND TEXTURE EVOLUTION IN SEMI-CRYSTALLINE
POLYMERS. S. Ahzi, D, Parks, A. Argon, Mechanical Engineering,
M.I.T., Cambridge, Massachusetts 02139,

We developed a spectrum of mechanically based models which can be
applied to the study of deformation and texture evolution of semi-crystal-
line polymers., We applied these models to predict behavior and texture
evolution at large deformations. Results obtained from a composite
model applied to polyethylene are presented and compared to the experimen-
tal data. The agreement with experiments is satisfactory.

Acoession For
NTIS GRA&I g
DTIC TAB i

Unannounced )
Justification. ]

By
Distribution/
Availability Codes
TAvaﬁF and/or
Special

vist
0O AT
usE—>»

A-l

E MAIL ABSTRACT TO PERSON NAMED IN ACS DIVISIONAL DEADLINES PUBLISHED (JUNE & DEC.) IN C&EN




SIMULATION OF DEFORMATION AND
EVOLUTION IN SEMI-CRYSTALLINE POLYMERS

S. Ahszi, D. Parks, and A. Argon

Department of Mechanical Engineering
Massachusetts Institute of Technology
Cambridge, MA 02139

INTRODUCTION

We developed a spectrum of mechanically-based models {1,2| (con-
strained hybrid mode! and a composite model) which can be applied
to the study of deformation and texture evolution in semi-crystalline
polymers. We applied these models to predict the behavior and tex-
ture at large deformations, and we compared our predictions to ex-
perimental daia. The agreement with the experiments is satisfactory.

MODELLING

Our major assumptions are that the elasticity is entirely neglected
and the plasticity is incompressible and time dependent. The crys-
talline phase deforms by slip on crystallographic planes and directions
and the amorphous phase deformation can be modelled by an isotropic
linear or non-linear viscous material.

The composite model is based on the resolution of a composite
inclusion problem. The composite inclusion (lameils and amorphous
layer) is submitted to a strain rate D’. This local strain rate aepends
on the macroscopic strain rate D (applied to the matrix) and on the
constraint due to the non-extension of the lamella in chain direction.
The constrain implies the lack of five independent systems in the crys-

talline phase and therefore the non-applicability of the classical Taylor
mode! (uniform deformation) to the crystalline phase.

2.1 Crystalline phase behawvior

Because of inextensibility in chain direction, the strain rate D
within the crystalline domain should have a sero projection in chais.
direction:

g D-e=0 (1a)

or
c-r=c-Or=o0 (1b)
where Cymeey, ®

' is the deviatoric part of C, and ¢ is a crystallographic vector in
chain direction. )

The deviatoric Cauchy stress 5° withia the crystlline domain can
be decomposed as follows:

S =54 s 3)

S5 Is the stress part producing the strain rate D’ and § is an arbi-
trary crystalline stress component in the constraint *direction® (chain
direction).

The constitutive law for the crystalline domain (lamella) is given
by the following non-linear relation {3}:

g R*. g'n "
Yo = z.: E( ] ] (4)
where 4, is a microscopic reference strain rate, 7. is the critical re-
solved shear stress and R’ is the symmetrical part of the Schmid

tensor for the slip system s. The summation in (4) extends over all
active slip systems.

2.2 Amorphous phase behawor:
The amorphous domain behavior can be represented by the fol-
lowing relation

D* = F(s*,..) (s)

where S® and D* are the deviatoric Cauchy stress and the strain rate
within the amorphous layer, respectively. A special case of (5) is the
following non-linear relation:

§* = u(D)™"' " (6)

where 4 and m, are material constants. If m, is set equal to 1, then
the amorphous phase is simply assumed to be linear viscous, a crude
mode! of smorphous behavior above T,.

Other models of the amorphous phase behavior [4] can also be
represented by equation (3).

2.3 Composits Behavior (lamellas and amorphous layer)

The composite inclusion (fig. 1) is made of a lamella and an amor-
phous layer. The crystallographic axis ¢ in chain direction can either
be parallel to the lamella normal nor not.

When ¢ is not parallel to n, then an arbitrary inclusion average
strain rate component in the C' direction can be accommodated by

the amorphous phase deformation. If ¢ and n are paralle], the inclu-
sion strain rate D’ is constrained:

g-QIaO [t}

Here, we assume the latter case and we assume further that n and
¢ remain parallel with ongoing deformation (clearly these are drastic
simplifications and more general models are under development (2}).

Each inclusion 7 (fig. 1) should deform in & way to preserve com-
patibility and equilibrium at its internal lamella amorphous interface.
These conditions imply continuity of some stress and strain rate com-
ponents; the other components are related by the mixture law:

D=/fD+(1-0)2 (8




g’ =f2°+(1-£)8 ] (9)
= f2*+ (1 - /.)(‘S:" + 59")

J« is the volume fraction of the amorphous phase.

The missing stress component § is assumed to be equal to the
macroscopic corresponding stress component,

s=(38-¢)/0-1 (10)

D' is given by the constrained Hybrid model {1], by using local com-
patibility and equilibrium conditions at the interface and equations
(8), we can solve for D* and D*. We can then derive the stresses from
the constitutive equations of crystalline and amorphous phases. The
macroscopic stress is obtained from an averaging consistency condi-
tion.

RESULTS

We applied the composite model to predict behavior and texture
evolution in polyechtylene (70% crystallinity) in an initially isotropic
(quasi spherulitic) condition. Figure 2 shows the stress strain curve
for tension in comparison with G’Sell and Jonas's (5] data. Figure 3
shows the pole figures (002) and (200) after 175% tension. We can
see that we predict a fiber texture with ¢ axis parallel to the tension
direction.

It is shown in figures 2-3 that our predictions are in good agree-
ment with experiments.

Results from an idealised 100% crystalline model [1] showed a simi-
lar texture evolution, but equivalent sharpness textures were obtained
at considerably amaller tensile strains. This indicates that a primary
role of the amorphous material is to provide additional straining with-
out substantial effect on crystallographic texture.
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